Crystallochemical, Structural and Surface-active Properties of (ZnTe)x(CdSe)1-x Semi-conductor Devices  by Kirovskaya, I.A. & Vasina, M.V.
 Procedia Engineering  113 ( 2015 )  456 – 460 
1877-7058 © 2015 Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND license 
(http://creativecommons.org/licenses/by-nc-nd/4.0/).
Peer-review under responsibility of the Omsk State Technical University
doi: 10.1016/j.proeng.2015.07.335 
ScienceDirect
Available online at www.sciencedirect.com
International Conference on Oil and Gas Engineering, OGE-2015 
Crystallochemical, structural and surface-active properties of 
(ZnTe)x(CdSe)1-x semi-conductor devices  
Kirovskaya I.A.a*, Vasina M.V.a 
 
aOmsk State Technical University, 11, Mira Pr., Omsk, 644050, Russian Federation 
Abstract 
X-ray, IR-spectroscopic and electron-microscopic studies were conducted with the use of modern techniques. Moreover, the 
estimation of acid-base properties of the obtained (due to developed technique) solid solutions of ZnTe – CdSe system was 
undertaken as well. They have been certified as the solid substitution solutions with a sphalerite or wurtzite structure depending 
on the composition. The ultimate composition, the average particles size, specific area and acid areas strength (pHiso) were 
determined.  
Some definite laws were found in bulk and surface properties changes. Special attention should be paid to the extreme, secularly 
reflected changes of the number of the definite sized particles and pHiso, which are logically predetermined by the coordinative 
unsaturation change of the surface atoms as the active sites.  
The solid solutions of the "extreme compositions" are recommended for production of rapid-response analyzers for the basic 
gases micro-impurities. 
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1. Introduction 
Compared to the binary crystal-like semi-conductors widely used in a number of the modern technology fields, 
multi-component systems based on them contain not yet explored potential and, therefore, attract the attention of 
various specialists. To discover and investigate their potential, the development of the production techniques as well 
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as the complex and detailed research of the bulky and surface physicochemical properties are of great value. This 
was taken into account in conducting the present work. Its study subjects were mainly the solid solutions of ZnTe – 
CdSe system. 
2. Experimental 
Solid solutions of different compositions were obtained through isothermal diffusion of the binary compounds 
(ZnTe, CdSe) in vacuum-sealed quartz vessels at the temperature of 1273°К [1]. The solid solutions synthesis 
process corresponded to a specially developed thermal heating programme. The initial binary compounds weight 
samples having the specified molar ratio were preliminary activated mechanochemically. The certification of the 
solid solutions was performed based on the results of the X-ray studies (diffractometer D8 Advance, CuKα-
radiation, λ= 1.5406 Ǻ). With the resulting radiographs and the relevant equations [2], the following values were 
calculated: parameters (a, c), crystal lattice primitive cell volume (Vp), interplanar spacing (dhkl), system components 
areal density (ρr). The structure of the obtained solid solutions was determined as well. The formation of the solid 
solutions was registered by the results of the electron-microscopic studies performed on the scanning electron 
microscope JCM-5700 equipped with the adaptor JED 2300 for energy-dispersive analysis. Surface-active (acid-
base) properties were studied by the methods of hydrolitic adsorption, mechanochemistry, nonaqueous 
conductometric titration and MFTIR IR spectroscopy [1]. 
3.  Results and discussion 
The results of the X-ray study indicate the formation of the solid substitution solutions in ZnTe–CdSe system 
(with specified composition): the lines on the radiographs are shifted in respect to the binary compounds lines, with 
their number being constant (Fig. 1).  
  
Fig. 1. Radiographs of ZnTe-CdSe system components, containing 0 (а), 25 (b), 32 (c), 74 (d), 88 (e), 100 (f) mol. % of CdSe 
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The dependence of the values of the parameters (а, с), crystal lattice primitive cell volume (Vp), interplanar 
spacing (dhkl), areal density (ρr) on the composition are of smooth and linear nature (Fig. 2). On the radiographs 
there are no additional lines accounting for the unreacted binary components and no blurry basic lines which 
indicates the comprehensive completion of the solid solutions synthesis process.  
According to the position and spread of the basic components by the intensity, ZnTe-CdSe system components 
have either cubic sphalerite (at abundance of ZnTe) or hexagonal wurtzite (at abundance of CdSe) structures.  
 
Fig. 2. The dependence of the values of the crystal lattice parameters (I), primitive cell volume (II), and areal density (III) on ZnTe-CdSe system 
components composition.  
Electron-microscopic studies allowed to find out the distribution of every binary component of ZnTe–CdSe 
system between the volume and the surface of the other component crystal grains (of the component in abundance). 
It also made possible to determine the mean particles size and their distribution based on the sizes, the polydispersity 
index, the specific area, and the ultimate composition of the solid solutions and binary component [3].  
Thus, according to the scanning electron microscopy image (SEM-image) in phase contrast regime of 
(ZnTe)0.75(CdSe)0.25 solid solution powder, one can see light granules of CdSe on the uniform background of ZnTe 
grains surface. The size of the granules is less than 5 mkm and they are less visible in the solid solution 
(ZnTe)0.68(CdSe)0.32. The grains surface becomes smoother in this case. The same case is observed when the solid 
solutions have the abundance of CdSe. In ZnTe binary component, the coarse grains prevail. The increased content 
of ZnTe in the solid solutions is followed by the increased size of their particles.  
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The mean size of the binary components and solid solutions particles stays within 21-30 mkm, their size 
distribution corresponding to the smooth dependence. The polydispersity index is 0.56-0.82 and the calculated 
ultimate composition is in satisfactory agreement with the molar composition.  
According to the investigation of the acid-base properties, pH values of the surface isoelectric state (pHiso) of the 
studied semi-conductors exposed to air increase gradually with the rise of ZnTe content, staying within 6.84-7.87. 
As a whole, on exposure to CO the shift of pHiso values to the alkaline area is registered, the shift passing through 
the extremums at 26 and 68 mol. % of ZnTe (Fig. 3). Such behavior of the pH value can be connected to the active 
sites nature, electron structure and CO molecules dual function [4]. Having the abundant electron density due to 
undivided electron pairs of carbon and oxygen molecules and the double bond existing between them, CO can act as 
a Lewis base (electron pair donor).  
At the same time, the system semi-conductors surface contains coordinatively unsaturated atoms (Zn, Cd), that, 
having the electron deficiency, display the properties of Lewis acids (electron pair acceptors) [1]. As the result of the 
interaction of CO undivided electron pairs and the unoccupied orbitals of the coordinatively unsaturated atoms, 
Lewis acid areas at the surfaces are slaked in part. This is likely to result in the shift of pHiso into the alkaline area 
demonstrating the increased activity of (ZnTe)0.75(CdSe)0.25 and (ZnTe)0.25(CdSe)0.75 solid solutions surfaces against 
the basic gases.  
4. Conclusion  
As the systematic analysis of the obtained results has shown, the change of ZnTe – CdSe system composition 
results in the definite, interrelated laws in the changes of the bulk and surface properties, namely, linear and smooth 
changing of the parameters (a, c), primitive cell volume (Vp) of the crystal lattice, and areal density (ρr) (Fig. 2). 
Special attention is paid to the change in the number of the definite sized particles and the secularly reflected change 
in pHiso (Fig. 3). It is logical to consider that the increase in the number of the definite (specified) sized particles in 
the system components results in the increase of the surface coordinatively unsaturated atoms, their role as the active 
(Lewis) sites and , consequently, the surface acidity. This statement is proved by the curve 1 in the Fig. 3, which is a 
secular reflection of the curve 3. 
 
 
Fig. 3. The dependence of the number of the average sized particles (n) within the range of 21-31 mkm (1), рН of isoelectric state of the surface 
exposed to air (2), in CO medium (3), with total concentration of the acid sites (4) of the ZnTe-CdSe system components composition 
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The interrelation of the changes in the bulk and surface properties is explained in terms of the nature of the 
active and chemical bonds in the examined items. The solid solutions of the extreme compositions are recommended 
as primary transducer materials of the sensors for basic gases micro-impurities. 
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